the North (608 km), Serbia and the Republic of Macedonia to the West (318 and 148 km), Greece and Turkey to the South (494 and 240 km) and the Black Sea to the East (354 km). Bulgaria's history of rabies began with the occurrence of rabies in dogsespecially stray dogs -followed by a second epidemic phase with the development of rabies in wildlife via the red fox (Vulpes vulpes), which acted as both reservoir and vector. As already demonstrated throughout the history of rabies in Europe, Bulgaria also provides a good example of spillover in dogs and foxes as reservoirs. Rabies was officially notified in Bulgaria for the first time in 1896. Up to the last 50 years of the 20th century, rabies occurred in the classical form of 'street rabies', with dogs being the main reservoir of infection [1] . National measures on rabies control, including the compulsory vaccination of dogs since 1949, resulted in a substantial decrease in the number of outbreaks. Wildlife-mediated rabies was documented for the first time in Bulgaria in 1974 in the northern part of the country. From the 1990s, an average of 15 rabies cases per year was detected until 2006 [2] , through passive surveillance defined as investigations carried out on suspect animals exhibiting signs suggestive of the disease or acting abnormally along with a number of animals found dead, including road kills [3] .
Following the integration of Bulgaria in the European Union in 2007 and since the implementation of the first oral rabies vaccination (ORV) campaigns in 2009, an additional sampling plan was established, known as ORV monitoring (or active surveillance) [4] . Foxes killed by hunters were sampled in vaccinated areas to evaluate the efficacy of ORV campaigns in terms of bait consumption (bait uptake), herd immunity and rabies incidence. The brains of sampled animals from both surveillance and monitoring programmes were submitted for rabies diagnosis to the National Reference Laboratory for Rabies (NDRVMI) in Sofia. The diagnostic technique used was the gold-standard fluorescent antibody test followed by the mouse inoculation test as a confirmatory test and also for producing and storing the strains. The methods used were those described in the WHO manual [5] . While the number of reported rabies cases increased from nine in 2006 to 59 in 2009, there has been a marked fall in the number of reported cases since 2009, leading to a single case in both 2011 and 2012 (Fig. 1) . The decrease in the number of detected cases since 2009 could highlight the potential success of the ORV programmes initiated in 2009 [6] . However, this decrease is also connected to a reduction in the number of samples analysed under the passive surveillance programme since 2009 (Fig. 1) . While rabies control programmes from 2006 to 2008 focused on passive surveillance only (554 tested samples), the implementation of ORV campaigns from 2009 integrated sampling of animals from ORV monitoring in the rabies diagnosis scheme (2061 samples tested under monitoring and 272 under passive surveillance over the 2009-2012 period), significantly increasing the total number of samples submitted for rabies diagnosis. The monitoring consisted of the sampling of healthy foxes in vaccinated areas and was designed to complement (not replace) sampling of suspect wild and domestic animals for rabies surveillance [3] . While ORV is in progress, it is necessary to increase and maintain the pressure through passive surveillance sampling in the whole country in order to allow a more accurate evaluation and comparison of rabies incidence between years and to be able to detect the last rabies foci. This need remains pertinent due to the current rabies situation in bordering countries. Rabies in Romania and Serbia has been considered endemic for many years [1] and the epidemiological situation of fox rabies in South-eastern Europe has recently been updated, revealing a resurgence of rabies in the Republic of Macedonia since July 2011 [7] and in Northern Greece since October 2012 (K. E. Tasioudi, personal communication). These new data in two countries bordering Bulgaria confirm the need to maintain a high level of surveillance throughout the country.
Spatial evolution of rabies in Bulgaria has shown for a long time the presence of rabies restricted to the North of the country [2] . The reason for the definitely predominant spread of rabies in North Bulgaria in 2007 may be linked to the geographical features of the country. The northern part of Bulgaria is separated from the southern part by a natural geographical barrier, the Balkan mountains (Stara Planina mountain range). This mountain range initially acted as a temporary natural barrier for the spread of rabies from North to South. The rabies extension that occurred in 2007 to the South of the country highlights the permeability of natural barriers as already described in Western Europe in the 1980s and 1990s, and more recently in Italy [8] . The opportunistic red fox, which is well-suited to a wide range of landscapes, can potentially spread rabies in every type of environment. Recent Italian ORV campaigns conducted in 2010 have shown evidence of the existence of rabies virus (RABV) in highaltitude mountainous areas [8] . Vaccine baits were initially distributed below an altitude of 1000 m in winter and below 1500 m in spring to avoid repeated freeze-thaw cycles. Unexpected fox rabies hotspots were detected above these threshold altitudes, probably representing local residual rabies foci which may have contributed to maintaining the infectious cycle. Based on the results, it was finally decided to implement ORV at altitudes up to 2300 m [8] . As a result, high-altitude mountains can no longer be considered an impermeable barrier to the spread of rabies. Regarding domestic animals, a more random extension of the disease may be feasible with the use of modern transportation by humans and domestic animals, allowing long distances to be covered in a short time. This supports the need to proceed, as soon as a rabies case is detected, with the compulsory vaccination of all dogs and cats in the area in addition to strict legislation on stray dog control, to avoid any unexpected expansion of the disease.
Between 2006 and October 2012, 165 confirmed rabies cases were reported in Bulgaria. Of these positive cases, 120 (73%) were wild animals, including 110 (92%) foxes and ten (0·8%) jackals (Canis aureus). Domestic animals represented 45 (27%) cases including 18 (40%) dogs and 22 (49%) cats. The red fox, which represented 67% of all positive cases, appears to remain the main reservoir of rabies in Bulgaria. Because the history of rabies in Europe has been experienced with many sporadic spillover episodes between species, the co-existence of red foxes and jackals in Bulgaria, two close members of the Canidae family, raises the question of the involvement of jackals in rabies transmission within the country. While in Turkey jackal cases have rarely been detected [9] , in Israel, red foxes and also, to a lesser extent, golden jackals have been identified as primary vectors, maintaining endemic wildlife rabies in that country [10] . Although there is no doubt about the current red fox's involvement in maintaining the disease in Bulgaria, the potential impact of the jackal's biology on rabies dynamics requires closer investigation. An assessment of the effectiveness of bait attractiveness and immunogenicity in jackals would also be useful as, to our knowledge, it has never been assessed with the type of baits used during the Bulgarian ORV programmes.
This first ORV programme implemented in 2009 covered the North of the country and was extended to four administrative districts in the centreSofia town, and Sofia, Pernik and Kyustendil districts (corresponding to a total of 18 districts and 61882 km 
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live-virus (SAD Bern) vaccine strain. The aerial distribution of the vaccine baits involved fixed-wing aircraft fitted with a fully automated computer-aided system with GPS which recorded both flight data and the location of dropped baits. The aircraft flew at an altitude of 150-200 m above the ground at an average speed of 150-200 km/h. Vaccine baits were dropped along parallel flight lines 500 m apart. Bait uptake was assessed by analysing the fluorescence of tetracycline under ultraviolet light in a tooth section from red fox lower jaws [11] . Blood samples collected from foxes shot in the vaccinated areas were titrated using an indirect ELISA kit (Platelia Rabies II kit; Bio-Rad, France) as described previously [12] . . These data differ significantly from year to year (χ 2 = 52, P χ 2 < 0·001). It is considered that about 70% of the fox population need to be immunized to be able to control rabies [4] . The seroprevalence (19% in 2011) and the proportion of tetracycline-positive samples (31% in 2011) in this study indicated a lower vaccination coverage than expected. This could be due to the recency of ORV in Bulgaria plus the fact that only one ORV campaign was performed in both 2010 and 2011, during spring, when two-thirds of the fox population are cubs which are more difficult to assess by the baiting strategy. Two vaccination campaigns conducted annually during spring and autumn for several years have led to a lasting elimination of the disease in most of Western Europe [4] . Furthermore, the commercial ELISA test used has already shown a lack of sensitivity that could explain the unexpectedly low proportion of seroprevalence in this study [12] . Forty-nine Bulgarian isolates selected over the 2009-2011 period, covering the variability of regions and species in which RABV was identified (fox, n = 36; jackal, n = 2; cat, n = 6; dog, n = 2; cow, n = 1; goat, n = 1; sheep, n = 1) were included in a phylogenetic analysis. For each tested sample, 25 μl of 10% (v/w) brain homogenate suspension was deposited on an FTA ® card (Whatman), inactivating the viruses and protecting RNA from degradation, as described previously by Picard-Meyer et al. [13] . RNA extraction, cDNA synthesis and PCR amplification of the nucleoprotein (N) gene with primers JW12 and JW6 were performed as described previously [14] . The glycoprotein (G) gene (740 bp fragment) was amplified with primers GH3 (positions 3891-3908) and GH4 (positions 4621-4602) [15] . One-step hnRT-PCR amplification was performed as described by Picard-Meyer et al. [16] . The phylogenetic analysis was performed after alignment of the consensus sequences. The bootstrap probabilities of each node were computed using the Neighbour-Joining method and bootstrap values over 70% were considered as statistically significant. Duplicate sequences of 100% identity were removed from the dataset. Ten partial N-gene sequences and ten partial G-gene sequences were finally included in the subsequent analysis. Analysis of the sequences revealed that all the strains corresponded to RABV field isolates and clearly differed from the sequence of the SAD Bern RABV strain used during ORV. Detailed analysis of the G and N genes provided an identical phylogenetic tree topology, therefore only the N-gene analysis is referred to in this study. The nucleotide difference in sequences revealed the existence of at least three distinct RABVs. The supplementary online material presents more detailed information on the phylogenetic analysis: the complete list of rabies viruses included in the analysis (Table S1 ) and the resulting Neighbour-Joining phylogenetic tree (Fig. S1) . Half of the isolates clustered with the Eastern Europe (EE) group [15] (GenBank accession numbers: JX679399, JX679402, JX679407, JX679408) while the second distinctive lineage clustered with the North-eastern Europe (NEE) group [15] . (GenBank accession numbers: JX679401, JX679403-JX679406). Finally, a single fox isolate sampled in 2009 joined the centre of the European part of Russia (D) group with 98% nucleotide identity within the group, thus constituting the third lineage of the Bulgarian samples studied (GenBank accession number: JX679399). The geographical distribution of the different phylogroups (EE group, n = 25; NEE group, n = 23; D group, n = 1) is represented in Figure 3 . The first study attempting to characterize a panel of Bulgarian RABVs was investigated by Johnson et al. [17] . EE variant found in the West of Bulgaria is found both in the North-west and South-west, inside and outside the Balkan mountain region. A higher barrier permeability and higher host species density implies greater connectivity and a better spread of the disease. This study clearly reveals an example of permeability in a mountainous landscape as previously described in Italy [8] . The spread of the EE group from the North-west to the South-west of Bulgaria could have been stimulated by a high fox population density. Further investigations into the population dynamics of red foxes could help clarify the spread of rabies.
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